CH 4 →CH 3 (C)+H(Mo)
The methane adsorption position is also on the Mo atom site with the adsorption energy is -0.42 eV. The methane dissociated on the Mo atom site as CH 3 and H species, and which the CH 3 species bond with C atom and H species bond with Mo atom. The activation energy is 1.35 eV and the dissociated energy is 0.64 eV. The C-H bond length of TS is 2.25 Å. The distance between CH 3 species and Mo atom is 2.22 Å and between H species and Mo atom is 1.75 Å.
2CH 3 →C 2 H 6
Moreover, we also studied the case of CH 3 (C)+CH 3 (Mo). There are two configurations of CH 3 (C)+CH 3 (Mo). The first configuration is that there are only two CH 3 species respectively bond on Mo atom and C atom. The second configuration is that there are two CH 3 species and two H atom with the structure of CH 3 (Mo)+CH 3 (Mo)+H(Mo)+H(C). The first configuration converted to C 2 H 6 with the energy barrier of 1.37 eV and reaction energy of -0.08 eV. The transition state of this process is that the CH 3 (C) species migrated from the C atom to the Mo atom site. The distances of this CH 3 species with Mo atom is 2.24 Å and with other CH 3 species is 2.64 Å. The distance between two CH 3 species is 2.10 Å. The adsorption position of the C 2 H 6 is different from the previous calculated C 2 H 6 adsorption position, which the position is on the other Mo atom site. We don't calculate this C 2 H 6 converted to C 2 H 4 +2H for the C 2 H 6 can easy migrate between two Mo atoms. For the second configuration converted to ethane, we also ignored the influence of H-atom. The energy barrier of CH 3 (Mo)+CH 3 (C) converted to C 2 H 6 (Mo) is 1.73 eV and the reaction energy is 0.32 eV.
There have some different between the two configurations converted, which is for the different position of the CH 3 species. The adsorption position of the C 2 H 6 produced by the second CH 3 (Mo)+CH 3 (C) configuration is same as the previous C 2 H 6 which produced by the configuration of CH 3 (Mo)+CH 3 (Mo). So the next step of C 2 H 6 converted to C 2 H 4 +2H is same as the previous calculated results. Table S1 .Calculated total energy of bond length of Al-Al for the various double Al models T1-T3  T2-T6  T3-T7  T1-T9  T11-T11  T8- Note: E a_r means the energy barrier of reverse reaction, and A_r means pre-exponential factor for reverse reaction. E a in kcal/mol, and A in s -1. Pa -1 for adsorption process and s -1 for reaction and desorption process.
